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(57) ABSTRACT 

A photo illumination technology that facilitates user select 
able illumination of an existing photo ranging from full arti 
ficial flash illumination to ambient light illumination and 
every gradation between. The technology in one embodiment 
employs a digital camera feature that captures two photos 
hundredths of a second apart where one photo is captured in 
concert with a flash and one is captured with no flash. Com 
pensations are made to reconcile any movement of the Subject 
matter that may have occurred between the two photos and the 
user is presented with the infinite gradations of illumination 
on the subject matter when selecting a photo for display or 
printing. 

50 Claims, 6 Drawing Sheets 
(3 of 6 Drawing Sheet(s) Filed in Color) 
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1. 

SYSTEMAND METHOD FOR CONTINUOUS 
FLASH 

BACKGROUND 

1. Technical Field 
This invention is directed toward a system and method for 

improving digital images. More specifically, the invention is 
directed towards a photo illumination technology that facili 
tates user-selectable illumination of an existing photo ranging 
from full artificial flash illumination to ambient light illumi 
nation and every gradation between. 

2. Background Art 
Recently, some efforts have been made to do things with 

digital photography that are difficult or impossible with ana 
log photography. Many digital cameras now come with a 
capacity to shoot short video clips. Some digital camera soft 
ware comes equipped with image-Stitching capabilities that 
allow one to create larger panoramas sewn together from 
Smaller, overlapping images of the same scene. However, 
none of these digital photography techniques can be used to 
vary the amount of flash after the picture is taken to obtain the 
optimum illumination level for the subject matter to be pho 
tographed. 
A flash typically allows the photographer to control the 

lighting situation when the picture is taken. If insufficient 
natural light is available, a flash may be used to increase the 
overall illumination. Sometimes the subject matter to be pho 
tographed is too dimly illuminated to make a photograph 
without Supplementary lighting. Additionally, flash may be 
used in order to change or improve the natural lighting. This 
is known as fill flash. For instance, pictures taken of people 
outside on a bright day often show the Subjects squinting due 
to the glare caused by the Sun. A good solution to this problem 
is to move the subjects into the shade and to use flash to fill in 
the shadows. 

Either with a digital or with an analog camera, obtaining 
the correct amount of flash is difficult. Often images photo 
graphed are overexposed—too much light reached the film 
when the picture was taken. There are many reasons that this 
occurs. The flash could have been too bright or the flash 
setting was in Some other way improper. The shutter speed 
could have been too slow or the aperture could have been too 
large. Alternately, the images could be underexposed—that 
is, not enough light reached the film, and the picture comes 
out dark and indistinguishable. In this case, film speed, shut 
ter speed, aperture and flash settings can all have an effect. 
With so many variables it is difficult for even the most expe 
rienced photographer to obtain a photograph with the proper 
amount of flash. 

SUMMARY 

The present invention is directed toward a system and 
method of varying an image's or photograph’s illumination. 
This system and method, named the continuous flash system 
and method, facilitates user-selectable illumination of a pho 
tograph or other image ranging from full artificial flash illu 
mination to ambient light illumination and every gradation 
between, based on a set of initially acquired images of iden 
tical or similar subject matter. Additionally, it is even possible 
to extrapolate beyond the initially acquired images to achieve 
other illumination effects. One embodiment of the continuous 
flash system and method employs a digital camera feature that 
captures two photos hundredths of a second apart where one 
photo is captured in concert with a flash and one is captured 
with no flash. In general, the continuous flash system and 
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2 
method then interpolates or extrapolates between or beyond 
the set of initially acquired images to obtaina final image with 
the preferred amount of flash. One embodiment of the inven 
tion incorporates this interpolation and extrapolation of the 
amount of flash intensity within the software or firmware of a 
digital camera. Compensations may be made to reconcile any 
movement of the Subject matter that may have occurred 
between the set of originally acquired images. A user may be 
presented with the infinite continuum of gradations of illumi 
nation when determining the amount of illumination desired 
for the final image. Or the system may automatically render 
the final image based on some predetermined or prescribed 
illumination value. 

More specifically, the continuous flash-system and method 
acquires and stores an image set, typically composed of two 
images, with a camera. Typically, these images will depict the 
same static scene. One picture is taken without flash and the 
other picture is taken with a flash. It should be noted that if the 
originally acquired image set includes more than one image 
with flash (while still retaining the image taken at ambient 
light conditions) better interpolation/extrapolation results 
can be obtained. These pictures in the image set ideally should 
be acquired in a short time interval, so that there is little 
motion of the camera and the Subject matter of the image 
between the images of the set. However, if the subject matter 
to be photographed, as well as the camera position, are static 
over long periods of time then it does not matter how much 
time has elapsed. Potentially, a tripod can be used to hold the 
camera steady between the exposures. If there is misalign 
ment between the initially acquired images they can be 
aligned using conventional image alignment methods. 
Once the initial set of images is acquired, and optionally 

aligned, the system interpolates and/or extrapolates the 
amount of flash. In Such a case, additional images are gener 
ated. Essentially, in the case of interpolation, image process 
ing is employed to interpolate the flash intensity between 
input images to generate an image or images having flash 
intensity value(s) in-between those of the input image set. 
Whereas, in the case of extrapolation, extrapolation tech 
niques are used to extrapolate the flash intensity to generate 
images having a flash intensity outside those of the input 
image set. The resulting images are referred to as flash 
adjusted images. One or more of these flash adjusted images 
can be selected as a final image, the image with the preferred 
amount of flash. Any of the initially acquired, flash adjusted 
or final images can be stored, displayed or printed. 

In one working embodiment simple linear interpolation in 
red, green, blue (RGB) space was used. However, one could 
also interpolate in other color models, such as HSV (hue, 
saturation, value) or HLS (hue, lightness, Saturation). The 
system and method according to the invention works with 
grayscale images as well as color. In addition to different 
types of color space, other types of interpolation besides 
simple linear interpolation can be used. These include bilin 
ear interpolation, spline-based interpolation, curve fitting, 
and regression. Additional methods of extrapolation could 
also be used to extrapolate the amount of illumination beyond 
that available in the set of originally acquired images. 
A user-interface may be presented to the user that interpo 

lates (and extrapolates) between these two stored images, to 
allow the user to vary the amount of flash. This user interface 
typically includes a slider control that allows the user to 
display one or more flash adjusted images with different 
levels of intensity before selecting the preferred intensity with 
which to display or render the final image. In one embodiment 
of the continuous flash system and method, the user interface 
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includes three sliders to vary the red, green and blue intensity 
in the flash adjusted image or images separately before select 
ing the final image. 
As mentioned above, since the two source images are not 

acquired at the exact same time, there may be motion of the 
camera from one image to the other. This motion can be 
compensated for by registering the two images together. This 
registration or alignment problem is well known in computer 
vision. The one big difference in the continuous flash system 
and method is that the images of the initially acquired image 
set have different intensity values, since one is taken with 
flash and the other without. Thus, the registration algorithm 
that is employed should be robust to intensity differences. For 
instance, one can apply a Gaussian or Laplacian filter to both 
images to locate high-derivative regions of the image, and 
align these derivative images together. For additional robust 
ness, the alignment cost metric could look at just the signs of 
the derivatives and ignore their magnitudes. Alternately a 
camera tripod could be used to avoid registration when still 
images are taken. 

Although typically the system and method according to the 
invention corrects the intensity of the whole image, in one 
embodiment only a portion of the image is corrected to obtain 
the optimum or preferred intensity level. In this case the 
portion of the image to be flash adjusted is segmented out and 
the flash intensity is only adjusted for the desired portion of 
the image. 

In one working embodiment of the invention, the Source 
images were captured with automatic exposure settings by 
the digital camera. It would be preferable for the two source 
images to be taken with identical exposure settings. Or, at 
least it would be preferable to know the F-stop difference 
between the two exposures, so that image values from both 
exposures can be brought into a common luminance coordi 
nate system prior to interpolation. 
The continuous flash system and method has many advan 

tages. For instance, it allows even a novice photographer to 
obtain photographs with the optimum level offlash. Addition 
ally, the initial image set can be easily stored within a camera 
or other storage device and flash adjustment can be performed 
at a much later time after acquiring the initial image set. 
Because the images of the image set are so much alike, 
especially after alignment, compressing them together results 
in a representation that does not require much more space 
than storing just one image alone. For example, a mean image 
can be compressed and then differences images can be com 
pressed, resulting in a very low storage cost. 

In addition to the just described benefits, other advantages 
of the present invention will become apparent from the 
detailed description which follows hereinafter when taken in 
conjunction with the drawing figures which accompany it. 

DESCRIPTION OF THE DRAWINGS 

The file of this patent contains at least one drawing 
executed in color. Copies of this patent with color drawing(s) 
will be provided by the U.S. Patent and Trademark Office 
upon request and payment of the necessary fee. 

The specific features, aspects, and advantages of the inven 
tion will become better understood with regard to the follow 
ing description, appended claims, and accompanying draw 
ings where: 

FIG. 1 is a diagram depicting a general purpose computing 
device constituting an exemplary system for implementing 
the invention. 
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4 
FIG. 2 is a general flow diagram of the system and method 

of interpolating between a set of images to achieve the desired 
level of illumination in an image. 

FIG. 3 is an exemplary User Interface of the continuous 
flash system and method. 

FIG. 4 is a general flow diagram of the system and method 
of extrapolating between a set of images to achieve the 
desired level of illumination in an image. 

FIG. 5A is a first acquired image taken without flash and 
used as input to the system and method according to the 
invention. 

FIG. 5B is a second acquired image taken with flash and 
used as input to the system and method according to the 
invention. 

FIG. 6A is a first extrapolated image of one working 
embodiment of the invention with the flash intensity set to 
=-1. 
FIG. 6B is a second interpolated image of one working 

embodiment of the invention with the flash intensity set to 
I=0.3. 

FIG. 6C is a third interpolated image of one working 
embodiment of the invention with the flash intensity set to 
I=O.5. 

FIG. 6D is a fourth interpolated image of one working 
embodiment of the invention with the flash intensity set to 
I=0.7. 

FIG. 6E is a fifth extrapolated image of one working 
embodiment of the invention with the flash intensity set to 
I=1.4. 

FIG. 6F is a sixth extrapolated image of one working 
embodiment of the invention with the flash intensity set to 
I=2.O. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the following description of the preferred embodiments 
of the present invention, reference is made to the accompa 
nying drawings that form a parthereof, and in which is shown 
by way of illustration specific embodiments in which the 
invention may be practiced. It is understood that other 
embodiments may be utilized and structural changes may be 
made without departing from the scope of the present inven 
tion. 

1.0 Exemplary Operating Environment 

FIG. 1 illustrates an example of a suitable computing sys 
tem environment 100 on which the invention may be imple 
mented. The computing system environment 100 is only one 
example of a Suitable computing environment and is not 
intended to Suggest any limitation as to the scope of use or 
functionality of the invention. Neither should the computing 
environment 100 be interpreted as having any dependency or 
requirement relating to any one or combination of compo 
nents illustrated in the exemplary operating environment 100. 
The invention is operational with numerous other general 

purpose or special purpose computing system environments 
or configurations. Examples of well known computing sys 
tems, environments, and/or configurations that may be suit 
able for use with the invention include, but are not limited to, 
personal computers, server computers, hand-held or laptop 
devices, multiprocessor systems, microprocessor-based sys 
tems, set top boxes, programmable consumer electronics, 
network PCs, minicomputers, mainframe computers, distrib 
uted computing environments that include any of the above 
systems or devices, and the like. 
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The invention may be described in the general context of 
computer-executable instructions, such as program modules, 
being executed by a computer. Generally, program modules 
include routines, programs, objects, components, data struc 
tures, etc. that perform particular tasks or implement particu 
lar abstract data types. The invention may also be practiced in 
distributed computing environments where tasks are per 
formed by remote processing devices that are linked through 
a communications network. In a distributed computing envi 
ronment, program modules may be located in both local and 
remote computer storage media including memory storage 
devices. 

With reference to FIG. 1, an exemplary system for imple 
menting the invention includes a general purpose computing 
device in the form of a computer 110. Components of com 
puter 110 may include, but are not limited to, a processing 
unit 120, a system memory 130, and a system bus 121 that 
couples various system components including the system 
memory to the processing unit 120. The system bus 121 may 
be any of several types of bus structures including a memory 
bus or memory controller, a peripheral bus, and a local bus 
using any of a variety of bus architectures. By way of 
example, and not limitation, Such architectures include Indus 
try Standard Architecture (ISA) bus, Micro Channel Archi 
tecture (MCA) bus, Enhanced ISA (EISA) bus, Video Elec 
tronics Standards Association (VESA) local bus, and 
Peripheral Component Interconnect (FCI) bus also known as 
Mezzanine bus. 
Computer 110 typically includes a variety of computer 

readable media. Computer readable media can be any avail 
able media that can be accessed by computer 110 and includes 
both volatile and nonvolatile media, removable and non-re 
movable media. By way of example, and not limitation, com 
puter readable media may comprise computer storage media 
and communication media. Computer storage media includes 
both volatile and nonvolatile, removable and non-removable 
media implemented in any method or technology for storage 
of information Such as computer readable instructions, data 
structures, program modules or other data. Computer storage 
media includes, but is not limited to, RAM, ROM, EEPROM, 
flash memory or other memory technology, CD-ROM, digital 
Versatile disks (DVD) or other optical disk storage, magnetic 
cassettes, magnetic tape, magnetic disk storage or other mag 
netic storage devices, or any other medium which can be used 
to store the desired information and which can be accessed by 
computer 110. Communication media typically embodies 
computer readable instructions, data structures, program 
modules or other data in a modulated data signal Such as a 
carrier wave or other transport mechanism and includes any 
information delivery media. The term “modulated data sig 
nal” means a signal that has one or more of its characteristics 
set or changed in Such a manner as to encode information in 
the signal. By way of example, and not limitation, communi 
cation media includes wired media Such as a wired network or 
direct-wired connection, and wireless media Such as acoustic, 
RF, infrared and other wireless media. Combinations of the 
any of the above should also be included within the scope of 
computer readable media. 
The system memory 130 includes computer storage media 

in the form of volatile and/or nonvolatile memory such as read 
only memory (ROM) 131 and random access memory 
(RAM) 132. A basic input/output system 133 (BIOS), con 
taining the basic routines that help to transfer information 
between elements within computer 110, such as during start 
up, is typically stored in ROM 131. RAM 132 typically con 
tains data and/or program modules that are immediately 
accessible to and/or presently being operated on by process 
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ing unit 120. By way of example, and not limitation, FIG. 1 
illustrates operating system 134, application programs 135, 
other program modules 136, and program data 137. 
The computer 110 may also include other removable/non 

removable, Volatile/nonvolatile computer storage media. By 
way of example only, FIG. 1 illustrates a hard disk drive 141 
that reads from or writes to non-removable, nonvolatile mag 
netic media, a magnetic disk drive 151 that reads from or 
writes to a removable, nonvolatile magnetic disk 152, and an 
optical disk drive 155 that reads from or writes to a remov 
able, nonvolatile optical disk 156 such as a CD ROM or other 
optical media. Other removable/non-removable, volatile/ 
nonvolatile computer storage media that can be used in the 
exemplary operating environment include, but are not limited 
to, magnetic tape cassettes, flash memory cards, digital ver 
satile disks, digital video tape, solid state RAM, solid state 
ROM, and the like. The hard disk drive 141 is typically 
connected to the system bus 121 through anon-removable 
memory interface Such as interface 140, and magnetic disk 
drive 151 and optical disk drive 155 are typically connected to 
the system bus 121 by a removable memory interface, such as 
interface 150. 
The drives and their associated computer storage media 

discussed above and illustrated in FIG. 1, provide storage of 
computer readable instructions, data structures, program 
modules and other data for the computer 110. In FIG. 1, for 
example, hard disk drive 141 is illustrated as storing operating 
system 144, application programs 145, other program mod 
ules 146, and program data 147. Note that these components 
can either be the same as or different from operating system 
134, application programs 135, other program modules 136, 
and program data 137. Operating system 144, application 
programs 145, other program modules 146, and program data 
147 are given different numbers here to illustrate that, at a 
minimum, they are different copies. A user may enter com 
mands and information into the computer 110 through input 
devices such as a keyboard 162 and pointing device 161, 
commonly referred to as a mouse, trackball or touch pad. 
Other input devices (not shown) may include a microphone, 

40 joystick, game pad, satellite dish, Scanner, or the like. These 
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and other input devices are often connected to the processing 
unit 120 through a user input interface 160 that is coupled to 
the system bus 121, but may be connected by other interface 
and bus structures, such as a parallel port, game port or a 
universal serial bus (USB). A monitor 191 or other type of 
display device is also connected to the system bus 121 via an 
interface, such as a video interface 190. In addition to the 
monitor, computers may also include other peripheral output 
devices such as speakers 197 and printer 196, which may be 
connected through an output peripheral interface 195. Of 
particular significance to the present invention, a camera 163 
(such as a digital/electronic still or video camera, or film/ 
photographic scanner) capable of capturing a sequence of 
images 164 can also be included as an input device to the 
personal computer 110. Further, while just one camera is 
depicted, multiple cameras could be included as an input 
device to the personal computer 110. The images 164 from 
the one or more cameras are input into the computer 110 via 
an appropriate camera interface 165. This interface 165 is 
connected to the system bus 121, thereby allowing the images 
to be routed to and stored in the RAM132, or one of the other 
data storage devices associated with the computer 110. How 
ever, it is noted that image data can be input into the computer 
110 from any of the aforementioned computer-readable 
media as well, without requiring the use of the camera 163. 
The computer 110 may operate in a networked environ 

ment using logical connections to one or more remote com 
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puters, such as a remote computer 180. The remote computer 
180 may be a personal computer, a server, a router, a network 
PC, a peer device or other common network node, and typi 
cally includes many or all of the elements described above 
relative to the computer 110, although only a memory storage 
device 181 has been illustrated in FIG.1. The logical connec 
tions depicted in FIG. 1 include a local area network (LAN) 
171 and a wide area network (WAN) 173, but may also 
include other networks. Such networking environments are 
commonplace in offices, enterprise-wide computer networks, 
intranets and the Internet. 
When used in a LAN networking environment, the com 

puter 110 is connected to the LAN 171 through a network 
interface or adapter 170. When used in a WAN networking 
environment, the computer 110 typically includes a modem 
172 or other means for establishing communications over the 
WAN 173, such as the Internet. The modem 172, which may 
be internal or external, may be connected to the system bus 
121 via the user input interface 160, or other appropriate 
mechanism. In a networked environment, program modules 
depicted relative to the computer 110, or portions thereof, 
may be stored in the remote memory storage device. By way 
of example, and not limitation, FIG. 1 illustrates remote 
application programs 185 as residing on memory device 181. 
It will be appreciated that the network connections shown are 
exemplary and other means of establishing a communications 
link between the computers may be used. 
The exemplary operating environment having now been 

discussed, the remaining parts of this description section will 
be devoted to a description of the program modules embody 
ing the invention. 

2.0 Continuous Flash System and Method. 

In the following paragraphs the continuous flash system 
and method which provides gradation of flash in flash 
adjusted images, is described in more detail. 
2.1 General Overview. 

The continuous flash system and method is directed toward 
a digital photo illumination technology that facilitates user 
selectable illumination of an existing photo ranging from full 
artificial flash illumination to ambient light illumination and, 
if desired, every gradation between. 
As shown in FIG. 2, process action 202, the system and 

method according to the invention involves acquiring and 
storing an image set, typically containing two images, with a 
camera. In the two-image image set one picture is taken 
without flash and the other picture is taken with a flash. These 
two pictures should ideally be acquired in a short time inter 
val, so that there is little motion between the subject matter of 
the images. Potentially, a tripod can be used to hold the 
camera steady between the two exposures, thus avoiding any 
movement between the images. If there is camera movement 
when taking the initial images, or the Subject matter moves 
between the two photographs, the two images can be option 
ally aligned via conventional alignment methods, as shown in 
process action 204. 
The system then interpolates between (or extrapolates 

from) the two acquired (and optionally aligned) images to 
achieve flash-adjusted images with various gradations of 
flash. In Such a case, additional images are generated. Essen 
tially, in the case of interpolation, image processing is 
employed to interpolate the flash intensity between input 
images to generate an image or images having flash intensity 
value(s) in-between those of the input image set. Whereas, in 
the case of extrapolation, extrapolation techniques are used to 
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8 
extrapolate the flash intensity to generate images having a 
flash intensity outside those of the input image set. The result 
ing images are referred to as flash adjusted images. One or 
more of these flash adjusted images can be selected as a final 
image, an image with the preferred amount of flash. 
The system can allow the user to select the interpolated 

image with the preferred amount of illumination with which 
to render the final image. Alternately, the system can auto 
matically render the final image based on Some prescribed 
flash intensity value (process action 208) or it can automati 
cally select the optimal flash intensity value incorporating the 
output of any machine-learning algorithm which has been 
trained on sets of images which serve as examples of 'good’ 
and “bad” levels of flash. Any of the initially acquired, flash 
adjusted or final images can be stored, displayed or printed. 
As discussed above, a user-interface may be presented to 

the user that depicts the interpolated images available from 
the original set of acquired images, to allow the user to vary 
the amount of flash. Such a user interface typically employs a 
slider to vary the amount of illumination or flash in the flash 
adjusted image or images to be rendered. The user can then 
direct the system to render the final image with the preferred 
amount of flash intensity. Alternately, instead of using one 
slider to vary overall flash intensity, one embodiment of the 
invention employs three sliders to vary the red, green and blue 
intensities separately. FIG.3 shows an exemplary User Inter 
face 302 wherein one slider 304 is used to vary flash intensity. 
The images of the initial image set (two images in this case) 
are shown to the top of the interface 306, 308. The flash 
adjusted image 310 is shown below. Button 312 allows the 
user to have the system calculate the flash intensity based 
either on a prescribed flash intensity value or an optimum 
value that is calculated by the system using the output of any 
conventional machine-learning algorithm which has been 
trained on sets of images which serve as examples of 'good’ 
and “bad levels of flash. 

Similar to the process shown in FIG. 2, the continuous flash 
system and method can also employ extrapolation to obtain 
the desired illumination levels in an image to be rendered. As 
shown in FIG. 4, process action 402, two images of the 
two-image image set are acquired and stored—again, one 
picture is taken without flash and the other picture is taken 
with a flash. If there is camera movement when taking the 
initial images, or the Subject matter moves between the two 
photographs, the two images can again be optionally aligned 
via conventional alignment methods, as shown in process 
action 404. Subsequently, the system extrapolates from the 
two acquired (and optionally aligned) images to achieve 
images with various gradations of flash. The system can allow 
the user to select the extrapolated image with the preferred 
amount of illumination with which to render the final image 
(process action 408). Again, a user-interface may be pre 
sented to the user for this purpose. Alternately, the system can 
automatically render an image with a prescribed amount of 
illumination or flash. 

It should be noted that if the originally acquired image set 
includes more than one image with flash with different levels 
of flash (while still retaining the image taken at ambient light 
conditions) better interpolation/extrapolation results can be 
obtained. Interpolation with more than one flash image allows 
for the compensation of Saturation in Some cases. 

Although typically the continuous flash system and 
method corrects the intensity of the whole image, in one 
embodiment only a portion of the image is corrected to obtain 
the optimum or preferred intensity level. For instance, in this 
embodiment flash intensity can be increased only for the 
background of an image. In this embodiment the areas of the 
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image for which flash intensity are sought to be varied are 
segmented out. These areas are then processed when varying 
the flash intensity with the system and method according to 
the invention. The areas that are not sought to be flash-ad 
justed are not processed. 

The continuous flash system and method can be embodied 
in Software and operated using a conventional computing 
device like a PC or laptop computer. However, one embodi 
ment of the continuous flash system and method incorporates 
the process actions of the invention to vary the amount of flash 
intensity within the software or firmware of a digital camera. 
Processing of the images to obtain desired or optimum flash 
intensity in this embodiment is conducted within the camera. 
The initial image set can be easily stored within a camera or 

other storage device and flash adjustment can be performed at 
a much later time after acquiring the initial image set. 
Because the images of the image set are so much alike, 
especially after alignment, compressing them together results 
in a representation that does not require much more space 
than storing just one image alone. For example, a mean image 
and differences images can be separately compressed, result 
ing in a very low storage cost. Compression can be performed 
by conventional means, such as, for example, Principal Com 
ponent Analysis. 
2.2 Interpolation/Extrapolation 
As discussed above, the continuous flash system and 

method employs interpolation and extrapolation methods to 
provide a continuous spectrum of illumination levels from the 
originally acquired set of images of the desired Subject matter. 
In mathematical terms, in one embodiment of the invention, 
this may be described as follows: 

Let Io denote the image taken without flash, and I denote 
the image taken with flash. A continuous family of images can 
be defined: 

I(C)=(1-C)I+(O)I. Ce(R where R is the set of real num 
bers. 

Thus, C. represents the quantity of flash: 
I(0)=I is the original image taken without flash. 
I(1)=I is the original image taken with flash. 
I(C.) for 0<C.<1 is an interpolated image where flash inten 

sity is adjusted between the two acquired images. 
I(C) for CC-1 is an extrapolated image that has more flash 

than taken with the original image with flash. I(C) for C.<0 is 
an extrapolated image that has less flash than possible (i.e. 
Subtracts flash reflectance from an image already taken with 
out flash). 
The above discussed interpolation/extrapolation is per 

formed on a pixel by pixel basis. The interpolation method 
discussed above employs basic linear interpolation in RGB 
color space. One could also interpolate in other color models, 
such as HSV (hue, saturation, value) or HLS (hue, lightness, 
saturation). Likewise other interpolation or extrapolation 
functions could be used. Such as bilinear interpolation, spline 
based interpolation, curve fitting, and regression. These other 
methods of interpolation/extrapolation are more useful when 
greater than one flash image is used. 

For the multi-flash embodiment of the invention, let the 
images be denoted Io, I, ..., I, where the flash intensity in 
image I, is f. (some continuous value). Thus, for the common 
two-image case, one simply has images Io, I with f-0 and 
f=1 (zero flash and full flash). One example of an image set 
with greater than two images would be a set of 3 images: I, I, 
I withf-0, f=0.5, f=1. During the interpolation, each pixel 
is treated independently. That is, for a given pixel, it has a 
different color value in each of the images. These values can 
be denoted co, c. ... c. The result is thus a simple data fitting 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
problem (e.g., curve fitting or regression). A function c(f) that 
fits the two-dimensional points (2D) (fc), (fc), ... (fc) 
is sought. One example of Such a function is a piecewise 
linear curve that just connects the points. This piecewise 
linear curve then corresponds to linear interpolation between 
Successive samples. Another example of a Suitable curve for 
interpolation is a spline curve (a polynomial function that is fit 
to the 2D points). There are approximating spline curves (that 
do not pass through the points), and interpolating spline 
curves (that do pass through the points). One common 
example of an approximation spline curve is called a cubic 
B-spline. A common example of an interpolating spline curve 
is called a Catmull-Rom spline. 
Once the function c(f) for the pixel has been constructed 

(e.g. via piecewise linear interpolation, or spline), it can then 
be evaluated at the desired flash intensity f. 
2.3 Registration/Alignment 

Since the two source images are not acquired at the exact 
same time, there may be motion of the camera from one image 
to the other. This motion can be compensated for by register 
ing the two images together. This registration or alignment 
problem is well known in computer vision. The one big dif 
ference in the continuous flash system and method is that the 
images of the initially acquired image set have different inten 
sity values, since one (or more) is taken with flash and another 
is taken without. In one working embodiment of the inven 
tion, conventional edge detection methods were used to iden 
tify the same objects in the image taken with flash and the 
image taken without flash, and these edges were then used to 
align the two images. However, other conventional image 
alignment and registration methods can also be used. 

It is important, however, that the registration algorithm 
employed should be robust to intensity differences. One can 
apply a Gaussian or Laplacian filter to both images of a 
two-image set to locate high-derivative regions of the image, 
and align these derivative images together. For example, a 
Laplacian pyramid can be used to identify the high-frequency 
edges of an image. Thus, to align two images (Io, and I) a 
Laplacian pyramid is constructed of each image of the image 
set. The images are then aligned by aligning the largest coef 
ficients in the finest Laplacian pyramid images. This method 
is robust to intensity differences because the location of the 
largest coefficients in the finest pyramid does not change if the 
illumination level of the image changes. For additional 
robustness, the alignment cost metric could look at just the 
signs of the derivatives and ignore their magnitudes. 

2.4 Exemplary Working Embodiment 
The following paragraphs describe an exemplary working 

embodiment of the continuous flash system and method. 
As shown in FIGS. 5A and 5B, a set of two images were 

acquired to be used as an input to the system and method 
according to the invention. FIG.5A represents an image taken 
without flash, with only ambient lighting. FIG. 5B represents 
a second image taken of the same Subject matter taken in FIG. 
5A, but taken with a flash. The scene was still and a camera 
tripod was used to photograph this original set of images, and 
therefore no alignment was required in order to correct for 
any misalignment. FIG. 6A is an extrapolated image with the 
flash intensity set to I=-1. FIGS. 6B, 6C and 6D are interpo 
lated images with the flash intensities set to I-0.3, I=0.5, and 
I=0.7, respectively. FIG. 6E is a fifth extrapolated image with 
the flash intensity set to I=1.4. Likewise, FIG. 6F is a sixth 
extrapolated image with the flash intensity set to I-2.0. 
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2.4.1 Interpolation Function 
The interpolation computation performed in this working 

embodiment employed the formula 

The images shown in the above example were computed 
using simple linear interpolation in RGB space. 
2.4.2 Exposure Settings 

In the above example, the source images were captured 
with automatic exposure settings by the digital camera. It 
would be preferable for the two source images to be taken 
with identical exposure settings. Or, at least it would be pref 
erable to know the F-stop difference between the two expo 
Sures, so that image values from both exposures can be 
brought into a common luminance coordinate system prior to 
interpolation or extrapolation. 
The foregoing description of the invention has been pre 

sented for the purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the 
precise form disclosed. Many modifications and variations 
are possible in light of the above teaching. It is intended that 
the scope of the invention be limited not by this detailed 
description, but rather by the claims appended hereto. 

Wherefore, what is claimed is: 
1. A process for adjusting the amount of flash in an image, 

comprising the process actions of acquiring an image set 
comprising a first image of a given Subject matter without 
flash and more than two additional images of the same subject 
matter as the first image with varying amounts of flash; inter 
polating between the images of the image set for all pixels of 
each of the images, using images of the image set, to provide 
one or more images with an amount of flash between the 
images of the image set, using a general purpose computing 
device. 

2. The process of claim 1 wherein there is camera motion 
between the acquiring of the first and additional images; 

and wherein there is misalignment of the Subject matter in 
the first and additional images; 

and wherein the subject matter of the first and additional 
images is aligned. 

3. The process of claim 2 wherein the subject matter of the 
first and additional images is aligned by detecting the edges of 
the Subject matter in the first and additional images and the 
images are aligned by aligning said edges. 

4. The process of claim 1 wherein there is motion of the 
Subject matter between the acquiring of the first and addi 
tional images: 

and wherein there is misalignment of the Subject matter in 
the first and additional images; 

and wherein the subject matter of the first and additional 
images is aligned. 

5. The process of claim 4 wherein the subject matter of the 
first and additional images is aligned by detecting the edges of 
the Subject matter in the first and additional images and the 
images are aligned by aligning said edges. 

6. The process of claim 1 wherein the interpolating process 
action comprises using at least one of the following interpo 
lation techniques: 

linear interpolation; 
bilinear interpolation; 
spline-based interpolation; 
curve fitting; 
and regression. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
7. The process of claim 1 wherein the interpolating process 

action comprises interpolating in one of the following color 
Spaces: 

red, green, blue (RGB); 
hue, saturation, value (HSV): 
hue, lightness, Saturation (HLS); 
luminance, chrominance (YUV); 
luminance, chrominance (YIQ); and 
grayscale. 
8. The process of claim 1 further comprising the process 

action of allowing a user to select a final image with a pre 
ferred level of flash intensity from said one or more images 
with an amount of flash between the first and additional 
images. 

9. The process of claim 1 further wherein the user selects at 
least one final image with a preferred level of flash intensity 
from said one or more images with an amount of flash 
between the first and additional images after varying the flash 
level of said one or more images with an amount of flash 
between the first and additional images using a slider control. 

10. The process of claim 1 further wherein the user selects 
at least one final image with a preferred level offlash intensity 
from said one or more images with an amount of flash 
between the first and additional images after varying the flash 
level of said one or more images with an amount of flash 
between the first and additional images using one or more of 
three slider controls that vary the red, blue and green compo 
nent flash intensity separately. 

11. The process of claim 1 further comprising the process 
action of the automatically selecting at least one final image 
with a preferred level of flash intensity from said one or more 
images with an amount of flash between the first and addi 
tional images based on a predetermined flash intensity value. 

12. The process of claim 1 further comprising the process 
action of automatically selecting at least one final image with 
a preferred level of flash intensity from said one or more 
images with an amount of flash between the first and addi 
tional images based on an optimal flash intensity value that 
incorporates an output of a machine-learning algorithm 
which has been trained on sets of images which serve as 
examples of good and bad levels of flash. 

13. The process of claim 1 wherein the interpolating pro 
cess action is only applied to a portion of said images of the 
image set to provide a portion of said one or more images with 
an amount of flash between the images of the image set. 

14. The process of claim 13 wherein the interpolating pro 
cess action is only applied to a portion of said images of the 
image set by the following process actions: 

segmenting out the portion of the images of the image setto 
which the interpolating process action is to be applied; 
and 

applying the interpolating process action to only said seg 
mented out portion of said images of the image set. 

15. A system for adjusting the flash level in an image, the 
system comprising: 

a general purpose computing device; and 
a computer program comprising program modules execut 

able by the computing device, wherein the computing 
device is directed by the program modules of the com 
puter program to, 

acquire an image set comprising a first image of a given 
Subject matter without flash and more than two images 
of the same subject matter as the first image with flash; 

extrapolate beyond the images of the image set for each and 
every pixel to provide one or more images, using images 
of the image set, wherein each pixel of said one or more 
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images has an amount of flash greater than the flash level 
or less than the flash level of the images of the image set. 

16. The system of claim 15 wherein there is motion 
between the acquiring images of the image set; 

and wherein there is misalignment of the Subject matter in 
the images of the image set; 

and wherein the Subject matter of the image set is aligned. 
17. The system of claim 15 wherein the extrapolating mod 

ule comprises using at least one of the following extrapolation 
techniques: 

linear extrapolation; 
bilinear extrapolation; 
spline-based extrapolation; and 
curve fitting. 
18. The system of claim 15 wherein the extrapolating mod 

ule comprises extrapolating in one of the following color 
Spaces: 

red, green, blue (RGB); 
hue, saturation, value (HSV): 
hue, lightness, Saturation (HLS); 
luminance, chrominance (YUV); 
luminance, chrominance (YIQ); and 
grayscale. 
19. The system of claim 15 further comprising a module to 

allow a user to select at least one final image with a preferred 
level of flash intensity from said images of the image set with 
an amount of flash greater than or less than that of the images 
of the image set. 

20. The system of claim 15 further comprising a module to 
automatically select at least one final image with a preferred 
level of flash intensity from said one or more images with an 
amount of flash greater than or less than the images of the 
image set based on a predetermined flash intensity value. 

21. The system of claim 15 further comprising a module to 
automatically select at least one final image with a preferred 
level of flash intensity from said one or more images with an 
amount of flash greater than or less than the images of the 
image set based an optimal flash intensity value that incorpo 
rates an output of a machine-learning algorithm which has 
been trained on sets of images which serve as examples of 
good and bad levels of flash. 

22. The system of claim 15 wherein the extrapolating mod 
ule is only applied to a portion of said images of the image set 
to provide a portion of said one or more images with a flash 
intensity greater than or less than the images of the image set. 

23. A computer storage medium having computer-execut 
able instructions for adjusting the flash level of an image said 
computer executable instructions comprising modules for: 
acquiring an image set comprising a first image of a given 
subject matter without flash and more than two additional 
images of the same subject matter as the first image with a 
varying amount of flash; and interpolating between the 
images of the image set for all pixels of each of the images, 
using images of the image set, to provide one or more images 
with an amount of flash between the images of the image set. 

24. The computer storage medium of claim 23 wherein 
there is camera motion between the acquiring of the images of 
the image set causing misalignment of the Subject matter in 
the images of the image set; and further comprising a module 
for aligning the Subject matter of the images in the image set. 

25. The computer storage medium of claim 23 wherein 
there is motion of the Subject matter between the acquiring of 
images of the image set causing misalignment of the Subject 
matter in the image set; and further comprising a module for 
aligning the Subject matter of the images of the image set. 

26. The computer storage medium of claim 23 wherein the 
module for interpolating comprises using at least one of the 
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following interpolation techniques: linear interpolation; 
bilinear interpolation; spline-based interpolation; curve fit 
ting; and regression. 

27. The computer storage medium of claim 23 wherein the 
interpolating module comprises interpolating in one of the 
following color spaces: red, green, blue (RGB); hue, satura 
tion, value (HSV); hue, lightness, saturation (HLS); lumi 
nance, chrominance (YUV); luminance, chrominance (YIQ); 
and grayscale. 

28. The computer storage medium of claim 23 further 
comprising a module for allowing a user to select at least one 
final image with a preferred level of flash intensity from said 
images one or more images with an amount of flash between 
the images of the image set. 

29. The computer storage medium of claim 23 wherein the 
module for interpolating is only applied to a portion of said 
images of said image set to provide a portion of said one or 
more images with an amount of flash between the images of 
the image set. 

30. The computer storage medium of claim 23 wherein said 
computer-executable instructions are executed in a camera. 

31. A computer storage medium having computer-execut 
able instructions for adjusting the flash level of an image, said 
computer executable instructions comprising modules for: 
acquiring an image set comprising a first image of a given 
Subject matter without flash and at least two additional image 
of the same subject matter as the first image with flash with 
varying amounts of flash; and extrapolating beyond the 
images of the image set, using the images of the image set, to 
provide one or more images comprising pixels each with an 
amount of flash greater than or less than the images of the 
image set. 

32. The computer storage medium of claim 31 wherein 
there is camera motion between the acquiring of the images of 
the image set causing a misalignment of the Subject matter in 
the images of the image set; and further comprising a program 
module for aligning the Subject matter of the images in the 
image set. 

33. The computer storage medium of claim 31 wherein the 
program module for aligning the Subject matter of the images 
in the image set comprises Sub-modules for: constructing a 
Laplacian pyramid for each image of said image set, each 
Laplacian pyramid having a set of coefficients; aligning said 
images of said image set by aligning the largest coefficients of 
the set of Laplacian pyramids corresponding to each image in 
said image set. 

34. The computer storage medium of claim 32 wherein 
there is motion of the Subject matter between the acquiring of 
images of the image set causing a misalignment of the Subject 
matter between the images of the image set; and further 
comprising a module for aligning the Subject matter of the 
images of the image set. 

35. The computer storage medium of claim 32 wherein the 
extrapolating module comprises using at least one of the 
following extrapolation techniques: linear extrapolation; 
bilinear extrapolation; spline-based extrapolation; and curve 
fitting. 

36. The computer storage medium of claim 32 wherein the 
extrapolating module comprises extrapolating in one of the 
following color spaces: red, green, blue (RGB); hue, satura 
tion, value (HSV); hue, lightness, saturation (HLS); lumi 
nance, chrominance (YUV); luminance, chrominance (YIQ); 
and grayscale. 

37. The computer storage medium of claim 32 further 
comprising a module for allowing a user to select at least one 
final image with a preferred level of flash intensity from said 
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images one or more images with an amount of flash greater 
than or less than the images of the image set. 

38. The computer storage medium of claim 32 wherein the 
module for extrapolating are only applied to a portion of said 
images of said image set to provide a portion of said one or 5 
more images with an amount of flash between the images of 
the image set or with an amount of flash greater than or less 
than the images of the image set. 

39. The computer storage medium of claim32 wherein said 
computer-executable instructions are executed in a camera. 

40. A camera for adjusting the flash level in an image, the 
camera comprising: 

a computing device; and 
a computer program comprising program modules execut 

able by the computing device, wherein the computing 
device is directed by the program modules of the com 
puter program to, 

acquire an image set comprising a first image of a given 
subject matter without flash and more than two addi 
tional images of the same Subject matter as the first 
image with flash; and 

interpolate between the images of the image set for all 
pixels of each of the images, using images of the image 
set, to provide one or more images with an amount of 
flash between the images of the image set; and 

extrapolate beyond the images of the image set for all 
pixels of each of the images, using images of the image 
set, to provide one or more images with an amount of 
flash greater than or less than the images of the image set. 

41. The camera of claim 40 further comprising a module of 
a computer program to print one or more images provided 
with an amount of flash between the images of the image set 
or with an amount of flash greater than or less than the images 
of the image set. 

42. The camera of claim 40 further comprising a module of 
a computer program to display one or more images provided 
with an amount of flash between the images of the image set 
or with an amount of flash greater than or less than the images 
of the image set. 

43. The camera of claim 40 further comprising a module of 
a computer program to store one or more images provided 
with an amount of flash between the images of the image set 
or with an amount of flash greater than or less than the images 
of the image set. 
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44. The camera of claim 40 wherein the acquired image set 

is stored within the camera after acquisition. 
45. The camera of claim 44 wherein the acquired image set 

is compressed for storage within the camera. 
46. A camera for adjusting the flash level in an image, the 

camera comprising: 
a computing device; and 
a computer program comprising program modules execut 

able by the computing device, wherein the computing 
device is directed by the program modules of the com 
puter program to, 
acquire an image set comprising a first image of a given 

subject matter without flash and more than two addi 
tional images of the same subject matter as the first 
image with varying degrees of flash; and 

interpolate between the images of the image set for all 
pixels of each of the images, using the images of the 
image set, to provide one or more images with an 
amount of flash between the images of the image set. 

47. The camera of claim 46 further comprising a module of 
a computer program to print one or more images provided 
with an amount of flash between the images of the image set. 

48. The camera of claim 47 further comprising a module of 
a computer program to display one or more images provided 
with an amount of flash between the images of the image set. 

49. The camera of claim 46 further comprising a module of 
a computer program to store one or more images provided 
with an amount of flash between the images of the image set. 

50. A camera for adjusting the flash level in an image, the 
camera comprising: 

a computing device; and 
a computer program comprising program modules execut 

able by the computing device, wherein the computing 
device is directed by the program modules of the com 
puter program to, 

acquire an image set comprising a first image of a given 
subject matter without flash and more than two addi 
tional images of the same Subject matter as the first 
image with flash, and 

extrapolate beyond the images of the image set, using 
images of the image set, to provide one or more images 
with an amount of flash greater than or less than the 
images of the image set. 

k k k k k 


